Scientists regularly lament that development and habitat destruction in once isolated and distant areas are promoting species extinction before species can even be known by science. In the Brazilian Amazon, the government's Plan for Growth Acceleration in part involves major improvements and expansion of highways. Such infrastructure has long been linked to the main causes of deforestation in this region. It is essential for scientists to assess where to target biodiversity collections in relation to the location of road development and existing protected areas. The objective of this study was to amass all of the records of occurrence of orchid bees in digital form, in order to obtain a spatial picture of our knowledge thus far and to make recommendations about priority areas for future collections and the role of protected areas in species conservation. The collection data used for this study come from various collection efforts, and were also gathered from the literature. The collection data were then imported into a Geographic Information System, making it possible to integrate other spatial data layers such as highways, conservation units, indigenous lands and forest cover. Results show a major need for collections along the BR 163 and BR 230 highways, heavily deforested areas with few conservation units. We suggest the creation of conservation units and recommend that abandoned areas be allowed to remain fallow as a way to help save additional biodiversity in the area of influence of these two main highways.
Introduction
Road construction, improvements, and expansion are bringing frontier regions of the world into the global economic sphere at an accelerated pace. With this comes rapid habitat destruction and fragmentation that negatively impacts biodiversity, and biodiversity experts have long lamented that species are going extinct before science even has a chance to describe or study them. With time running short, it is essential to target the collection of species data in areas where there are spatial gaps in collections and where we know road development is likely to occur. We also must consider the role protected areas are playing in protecting biodiversity in relation to road development. The information for all of this exists, and if properly assembled in a GIS (Geographic Information System), scientists could more efficiently target collection efforts and the evaluation of the role of protected areas in species conservation. Unfortunately, species occurrence information is often not readily available in digital form. Rather, much of that information is contained only on specimen tags in museums. Efforts by organizations such as the GBIF (Global Biodiversity Information Facility) in recent years are emblematic in making millions of species occurrence records digitally available. GBIF serves >6.4 × 108 occurrence records for >1.6 × 106 species, but it is an ongoing effort to fill gaps, address biases and make the data more complete [1] [2] . Among the groups least represented in GBIF are insects (<8% of the total set of records), despite their high diversity and ecological importance.
Among the insects, bees are considered excellent pollinators, involved in the pollination of close to 60% of the approximately 1500 species of human cultivated plants [3] . In addition, they comprise one of the most species rich groups in the world; in Brazil we have 1778 species already identified [4] . Orchid bee males (Apidae: Euglossini) are important pollinators of orchids and other families of plants in the Neotropics, pollinating close to 10% of the orchid species [5] .
There is mounting evidence that environmental change is contributing to the decline in pollinator abundance and diversity worldwide, with serious consequences for the diversity and survival of wild and cultivated plants [6] [7] [8] , and there are many studies that document the link between highways and environmental change in the Brazilian Amazon [9] - [23] . Major transportation axes were opened in the Amazon by the Brazilian government in the 1970s with the aim of colonizing the region. Most of these highways have deteriorated over the years for lack of maintenance. Now, the federal government is in the process of improving various major highways in the region via an effort called the PAC (Plan for Growth Acceleration). Highways with especially strategic importance are the BR-319 (Manaus-Porto Velho), BR-163 (Cuiabá-Santarém) and the TransamazônicaBR-230 (Itaituba-Marabá segment), and these stretches of road are the focus of our study. The impacts on forests are estimated to reach to 100 km on both sides of the margins of major highways in the Amazon, according toSustainable Amazon Plan [24] , with more than 2/3 of deforestation occurring in an area within 50 km of paved roads [20] . Impacts are not restricted, however, to these official highways. Impacts can also extend from unofficial roads built by miners and loggers [24] . According to [25] , such roads allow for illegal land grabbing on public lands, and as a consequence, land conflict results; this in turn provokes deforestation, burning, and predatory logging. There are estimates that unofficial roads reach a total length of 170,000 km, or nearly 70% of official road length [23] . In general, a highly fragmented landscape has formed as a result, and our knowledge about the biodiversity in the areas along these roads is scarce or non-existent. Furthermore, in fragmented landscapes, there is often diminished gene flow between populations, which can reduce diversity over time. Depending on the size of the fragment, level of conservation, time, and isolation, the consequences for biodiversity can be quite severe.
The current study was motivated by the need for more digitally available species occurrence data to help address the imminent threat that road development, and resulting habitat destruction, present to bees. The study's objective was to model how to aggregate digital and non-digital species records into a fully georeferenced dataset, allowing for exploratory spatial data analysis in a GIS of the distribution of species occurrences, road development, and the role protected areas play in the conservation of these species. We do this for one group of bees, orchid bees, which have been collected in the Brazilian Amazon for more than a century and are the principal pollinators of many orchids and other plants sensitive to deforestation.
Material and Methods
Records came from a variety of digital and non-digital collections and literature, and had varying degrees of geographic resolution for collection sites. To standardize the information, we convert all records to a decimal coordinate system. When specific coordinates were missing, we used the tool "geoLoc" available at Species Link (http://splink.cria.org.br/geoloc?criaLANG=pt), to get the geographic coordinates of the location cited on specimens' labels. By inputting information about localities, names of cities, states, and/or counties, geoLoc returns an absolute location, pulling information from servers at the following institutions: IBGE (The Brazilian Institute of Geography and Statistics), SpeciesLink/Fapesp (São Paulo Research Foundation), and GEOnet.
Most of the material for this study had already been identified by the first author. Information from the catalogs of a number of other collections was included in the dataset, even though they were not consulted in loco. Finally, a small part of the species names and the collection locations was obtained from the literature, predominately from studies carried out by other specialists, or the material was identified by them.
The following collections provided records of orchid bees collected in the Brazilian Amazon:
Bee Amazon. In that period, he collected mainly female orchid bees while they visited flowers, since the discovery of using artificial baits to attract males would only occur decades later [26] . Thus, the collections consulted for this paper cover all of this period of collecting in the Amazon, given that we included collections by Ducke from the Goeldi Museum up to those collected during the assembly of this paper, whose data were sent to us by collaborators.
The following data layers were gathered for use in a GIS: political boundaries of the states of the Legal Amazon of Brazil, highways, protected areas (Conservation Units and Indigenous Lands) and forest coverage. These data were ob- Files showing deforestation in the study area were downloaded from INPE/ PRODES (http://www.dpi.inpe.br/prodesdigital/prodes.php, on 01/08/2011).
All data layers were loaded into a project in ArcGIS/ArcMap 10 (ESRI), allowing for visual spatial interpretation of the distribution of species in relation to the three major road segments that are the focus of the study. In addition to visual analysis, the following statistics were calculated: the mean center of the distribution of absolute location points in order to compare it to the centroid of the Legal Amazon of Brazil. Buffers of 100 km were drawn around each road segment, based on an understanding that road impacts can extend 100 km on either side of a major highway in the region [24] . Each buffer was used to clip the absolute locations of species occurrences and conservation units (hereafter by the Portuguese acronym "UC") and indigenous lands (hereafter by the Portuguese acronym "TI") areas within the buffer, allowing for more focused analysis of the road segments: percent of buffer area covered by UCs and TIs, number of absolute locations, and species richness.
Results

Diversity and Distribution
We obtained 14,096 records of orchid bees collected in Amazon basin during almost one hundred years, but only 14,070 could be georeferenced. We obtained records. This is a very small amount, considering that the Brazilian Amazon hosts more than 300 conservation units: 307 in [9] and 315 in [27] . Parakanã situated between this last city and Marabá.
Highway-Level Results
BR 163-Cuiabá-Santarém (Concluded in 1973). This highway segment was the largest stretch of road studied, but it had only several more records and species Table 3 ), and it is the least served by protected areas (26.8% of the buffer area). Over its long run from Cuiabá, Mato Grosso to the border with Pará we have extremely few records. In the south of Pará the road is tangent to the REBIO (Biological Reserve) Nascentes da Serra do Cachimbo, to the east; it then cuts through a large area without any protected areas and later passes through the middle of the Jamanxim National Park, which is surrounded by various sustainable use areas. Finally, near Santarém, the road runs along the Tapajós National Forest to the west. Along this final stretch we have a few more records on the western side, thanks to some collections that have been done in the lower Tapajósriver.
Discussion
This is perhaps one of the greatest efforts to locate the records of every specimen of an insect taxa and map collection locations in the Brazilian Amazon, but it likely presents a picture that is not much different than what we would get from a similar exercise done for other taxonomic groups. Collections are concentrated along the main rivers and around the region's major cities, while extensive areas remain under-sampled or un-sampled [29] [30] [31] . Moreover, the majority of the locations sampled do not represent complete inventories; they are merely casual collections. A similar situation occurs with birds, perhaps one of the most studied groups in Amazonia. Oren [31] , for example, notes how difficult it is to establish priority areas for conservation based on such incomplete information. This picture shows how ease of access often dictates collection locations more than biogeographic or ecological criteria. The case of the thirteen species collected only once, each in its own unique location, suggests that such species have very restricted geographic distributions;
from the point of view of conservation, this has serious implications. The same can be said for the plants these species pollinate. This makes is even more critical if we take into account the scenario brought by major improvements of high- collections, but it has a slightly higher percent of its area of influence covered by protected areas. Based on this, we recommend that collecting efforts be focused on both of these latter stretches of road, before any further developments occur,
in the hopes that we may discover more species before they become extinct. To conserve existing biodiversity in these areas, it is important to consider the es- Borges & Ferreira [34] , Borges et al. [35] , Ferreira et al. [16] , and Nepstad et al. [36] and all claim that even by being designated conservation units and indigenous lands help protect the forest. Based on this, these and other authors often suggest establishing conservation units along the roads of the Amazon, in the hopes of saving what remains of the biological resources in areas influenced by roads, as we also have recommended. In fact, this was made in BR 319 (ManausPorto Velho) and should be followed. It is important to remember, however, that these measures alone will not resolve the problem if they are not accompanied by public policies strongly grounded in an organized civil society. In Brazil, having an area designated as protected may in effect have little meaning. Besides the alarming lack of enforcement, in many cases laws are changed to reduce the size of protected areas or to allow roads to pass through them [37] .
Even if we did have truly well protected conservation units and indigenous lands, our data raise some important additional concerns. Approximately 70% of collection places are located outside of protected areas. Conservation units, making up only 21% of collection places, thus may not be fulfilling their scientific research mission, especially should the pattern we observed be repeated in other taxa. A few reasons may account for the low sampling in these areas. One is the bureaucracy researchers confront in simply getting permission to work in these areas. This makes budgeting and planning for field expeditions extremely difficult. There is also very little systematically assembled species inventories for Brazil's conservation units, making it difficult to plan which conservation units are in most need of biodiversity assessments. Inventories should be available for every conservation unit as a matter of practice. What one often gets from these conservation units is a short list of species names based on mere sightings or from talking with people who live in the area, especially hunters and fishers. Often, the information is restricted to vertebrates and flowering plants.
We have even less information from indigenous lands (only 9% of collection places). A major reason so little is known from these areas is, again, their relative inaccessibility to the scientific community. One of the aims of biological conservation is precisely to guarantee its proper use in these areas, but first we must understand what resources are there. FUNAI (Brazil's Federal Indian Affairs Bureau) and indigenous communities are concerned about the protection of traditional knowledge. This, unfortunately, has led to additional bureaucracy that makes it prohibitive for scientists to do research within indigenous lands. Scientists could play a role in documenting the biodiversity these areas protect, especially if such knowledge is important to the indigenous peoples, most of whom hunt and fish, in addition to other extractive activities. Better integration of activities between FUNAI, indigenous peoples, and centers of scientific research, might make it possible to both protect and learn more about the biological patrimony of these lands.
It is also important to recognize how important non-protected areas are potentially to our understanding of biodiversity and its protection [38] . These areas, after all, are where we have the most information about the taxa in question and where it is easiest to carry out future collections. The key is to implement ways to maintain as much habitat as possible to maintain species populations and to maximize contact among metapopulations among orchid bees and other pollinators in general. Thus, we strongly advocate for policies that incentivize keeping as many abandoned fields and pastures in fallow. As they undergo secondary succession, they would become what beekeepers in Brazil call pastosujo, or "dirty" pasture. With the large amount of weeds entering these areas, they become excellent resources for bees and other pollinators. In most cases, conservation units and indigenous lands are situated distant from highways, and so incentivizing the regrowth of forests in strategic areas could both create buffer areas between the highways and protected areas and help establish ecological corridors linking protected areas.
In the end it is difficult to know with certainty what the federal government is planning concerning the opening and reconstruction of highways in the Amazon. The same is true for state governments. On the website of the Ministry of Transport, we found various maps leading observers to believe that a number of new highway building and reconstruction scenarios are possible. Our attention was especially drawn to one of the maps of the Brazilian Amazon, showing a large number of roads designated as "planned" to Acre state, as well as to other states. Greater interaction and dialogue between Brazilian agencies responsible for road development and conservation could lead to initiatives that seek to achieve both in a more rational manner.
